In particular, research has focused on the production rate of DMS as a function of biological and meteorological conditions, the conversion of DMS to other sulfur compounds, and the mechanisms by which reaction products are transported throughout the global troposphere. Several techniques have been used for the measurement of tropospheric levels of DMS. The question arises as to the validity of DMS measurements by these techniques, especially at the low tropospheric concentrations which are usually in the parts-per-trillion (pptv) range.
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As part of the NASA Tropospheric Chemistry Program, a series of field intercomparisons have been initiated to evaluate the state-of-the-art capability for measuring key tropospheric species [ Gas chromatograph-mass spectrometer. Gas chromatography for separation of DMS from the sample stream followed by mass spectrometric quantitative analyses is the basic detection principle of the measurement. Sulfur gases in the incoming air stream are preconcentrated in a Teflon, Gas chromatograph/fluorination-electron capture. Sulfur compounds in the incoming air sample are separated using gas chromatography and then are fluorinated with F 2 (200 ppmv) using a heated Ag catalyst. The fluorination product, presumably SF 6, is then measured using an electron capture detector. The F 2 stream is generated using a permeation source, and excess F 2 is removed by conversion to HF by reaction with H 2 on a heated Pd catalyst. The Pd catalyst also destroys any response from halocarbons, making the system sulfur specific. Cryogenic preconcentration is required (typically 1 min during CITE 3) followed by a 4-min period for separation and analysis. DMS analysis requires an oxidant scrubber (glass fiber filter impregnated with NaOH). During CITE 3, the system was configured to measure COS and CS 2 as well as DMS. Since the oxidant scrubber (for DMS) interferes with the other sulfur gas measurements, separate samples were collected for the DMS measurement. Typically, the sample sequence was a DMS analysis followed by an COS/CS 2 analysis. As a result, separate DMS measurements occurred about every 10 min. Gas chromatograph-flame photometric. Samples are preconcentrated on a thermoelectrically cooled polymer (Tenax) and thermally desorbed to a packed column (Chromosil 330) with detection using a flame photometric detector. The sample is preconcentrated for a period of 10 min followed by desorption and analyses. The system is automated with two sample channels to provide contiguous 10-min measurements by alternating the sample collection and analysis procedures between the two channels. Oxidants are removed by passing the sample stream through a cooled aqueous KI solution (neutral) prior to preconcentration. Residual water is removed by trapping at -20øC. Precision of the measurements is estimated at 10 and 5% for mixing ratios in the range of 20 to 100 pptv and 100 to 500 pptv, respectively. Accuracy (primary standard) is of the order of 5%. In-flight calibrations (liquid standards) were performed As part of the data protocol for the ground standards test, the investigator or NIST had the option to declare a test invalid (when submitting the data) and request a retest. For the flight intercomparisons, data protocol required all measurements to be reported. Along with the submitted data, the investigator provided a comment code as to the quality of the data.
Detailed results of the flight intercomparisons (first release of results to the DMS investigators) were discussed during a data workshop convened approximately 6 months after the field mission. After the workshop, only minor changes to the DMS data base were made by the investigators. None of the changes were significant in affecting the intercomparison results. Data changes made after the workshop are given below.
Premission estimates of lower detection limits of many of the instruments were based upon laboratory results; accordingly, all investigators were given an opportunity to reevaluate (based on workshop discussions) the stated lower detection limits for their techniques. Most investigators revised (lowered slightly) the detection limits for their techniques. After the workshop, the Max Planck investigator (GW-Na and GW-COT techniques) requested that all data from flight 6 be "commented" as questionable. During this flight the oxidant scrubbers were exposed beyond the rated capacity. In preworkshop submittal of the data from flight 6, some data had already been "commented" as such. These flight 6 data are not included in the analyses. Intercomparison analyses were performed including and excluding these data. While excluding the data does not improve the level of agreement among the techniques, exclusion does result in a slight improvement in the statistical quality of the results. 
Standards

Screening Analyses
The data base was examined to evaluate measurements that were not representative of the overall results, to identify data categories (i.e., subsets) under which intercomparison results should be stated independently, and to identify outlier events for which the DMS measurements should not be intercompared. In particular, the overlapped data base was evaluated to identify the influence of (1) the degree of temporal overlap (i.e., the ratio of common sample time of a measurement to the total duration of the overlap period), (2) data reported during periods in which significant ambient variations of DMS were occurring, (3) the altitude at which the measurements were made, (4) systematic day-by-day variability, (5) the nature and type of air mass (e.g., total sulfur, water vapor, or ozone content of the air), and (6) the distribution of DMS mixing ratios. In performing these analyses, numerous data correlations, regressions, confidence intervals, etc., were examined. Pertinent observations and conclusions from these analyses are given below. Four of the overlap periods of the data base included some form of data reported by one or more of the techniques as below the detection limit of a instrument (1 to 5 pptv). Each of the periods were examined to check the consistency of all DMS data reported during these overlap periods. All data during these periods are consistent. In particular, all DMS concentrations reported during these time periods are only a few pptv. In order to include these data in the analyses, data reported as lower detection limit are assigned a value of the lower detection limit; i.e., datareported as below 2 pptv are assigned a value of 2 pptv.
The fourth overlap period (noted earlier) excluded from analysis was due to the gas chromatograph-mass spectrometer data (data point circled in Plate 2a). While there is no evidence to suggest that the measurement is in error, the levels of agreement between the gas chromatograph-mass spectrometer system and the other techniques are not typical of those observed during the other 49 overlapping data periods. Thus, for this reason alone, it has been excluded from the analyses as not representative. No other special cases, outliers, or abnormalities were identified in the prime data base.
DISCUSSION OF RESULTS
Standards
Test Results DMS standards intercomparisons showed that within the stated uncertainties (about 10% for NIST and 10 to 20% for each instrument), all the measurements agreed with the NIST standards.
In Table 3 suggest good agreement between measurements from the individual techniques and the average reported DMS as well as among the techniques themselves. Regression coefficients are all above 0.9, and slope and intercept biases are within about 6% (one exception) and a few pptv, respectively. Considering the estimated accuracy and precision of the techniques (Table  1) GMT TIME, hour Tables 4 and 5 , the confidence interval range is only a few pptv from the zero delta value. Equations (1) and (2) can also be used with the prime data base of 49 overlapping measurements to obtain an estimate of the "ensemble" uncertainty associated with an aircraft For avg > 50 pptv the accuracy portion of the uncertainty is 19.3% (1), and sigma from (1) Technique symbols are defined in Table 1 . Delta = (Technique value -avg), pptv' n is number of samples. statistically (based on 95% confidence levels) significant differences (biases) exist among some of the techniques, they are small in magnitude and do not suggest that DMS measurements from any one technique are in error. When considering the average value for DMS (calculated from data supplied by all six techniques), any noted statistical significant bias is o f the order o f a few pptv for mixing ratios <50 pptv and within about 15% (most within 6%) for mixing ratios >50 pptv. One technique, gas chromatograph/fluorination-electron capture, consistently reported higher values of DMS than the other techniques. In summary, one concludes that the DMS measurement techniques and associated collection/preconcentration methods and oxidant scrubbers intercompared during the CITE 3 can be relied upon to provide equally valid measurements of DMS in the range of a few pptv to 100 pptv (upper range of the intercomparisons). Selection of a specific technique is thus more dependent on the advantages and/or disadvantages associated with the field operations of the various techniques (e.g., desired sampling rate and Technique X Technique symbols are defined in Table 1 . Delta = (Technique value -avg), pptv' n is number of samples.
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* The 95% confidence interval on the average of Delta does not include zero. integration period; required support facilities of power, weight, space, personnel, etc.; and financial resources) than the uncertainty associated with the DMS measurement. The CITE 3 data can also be used to provide a conservative estimate of the uncertainty associated with an airborne DMS measurement. Assuming that no bias exists among the six instruments, an ambient DMS measurement is estimated to be accurate to about 23% (mixing ratios >50 pptv) and 4 to 5 pptv (mixing ratios <25 pptv). A similar estimate using results from the groundlevel standards tests of the instruments installed on the aircraft (more controlled sampling conditions) gave an uncertainty of the order of 12% for mixing ratios of 100 to 200 pptv.
